The Unimolecular Reaction Of (ch3)3cno Following N-π* Excitation With A Tunable Dye Laser by Reisler H. et al.
The unimolecular reaction of (CH3)3CNO following n−π* excitation with a tunable dye
laser
H. Reisler, F. B. T. Pessine, Y. Haas, and C. Wittig 
 
Citation: The Journal of Chemical Physics 78, 3785 (1983); doi: 10.1063/1.445155 
View online: http://dx.doi.org/10.1063/1.445155 
View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/78/6?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
A conformational study of the S 1 (n,π * ) excited state of formic acid 
J. Chem. Phys. 117, 4831 (2002); 10.1063/1.1497632 
 
Mechanisms of the reaction π − p→a 0 0 (980)n→π 0 ηn at high energies 
AIP Conf. Proc. 432, 405 (1998); 10.1063/1.55965 
 
Laser induced fluorescence spectra and carbonyl wagging potential energy functions for the S1(n,π*) excited
states of tetrahydrofuran-3-one and tetrahydrothiophen-3-one: Correlation between inversion barrier and angle
strain for cyclic ketones 
J. Chem. Phys. 106, 3876 (1997); 10.1063/1.473109 
 
Photodissociation of jet‐cooled (CH3)3CNO: Temporal separation of radiationless transitions and unimolecular
reactions 
J. Chem. Phys. 84, 3573 (1986); 10.1063/1.450244 
 
n→π* Transition of 2, 2′‐Pyridil 
J. Chem. Phys. 55, 5826 (1971); 10.1063/1.1675756 
 
 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
143.106.108.144 On: Thu, 25 Jun 2015 18:52:54
The unimolecular reaction of (CH3)3CNO following n-rr* 
excitation with a tunable dye lasers) 
H. Reisler, F. B. T. Pessine,b) Y. Haas,C) and C. Wittig 
University a/Southern California, Los Angeles. California 90089-0484 
(Received 24 September 1982; accepted 8 November 1982) 
The predissociation of (CH,),CNO following the 570-710 nm laser excitation of the n-1T* transition is 
reported. The small fluorescence quantum yield and its short lifetime ( < 20 ns) indicate efficient radiationless 
processes prior to dissociation. NO is the major dissociation product and its concentration was monitored in 
real time by using the two-photon laser excited fluorescence technique. The NO yield as a function of 
wavelength followed very closely the absorption contours of (CH,),CNO. The NO production rate was > 10' 
S-1 at all wavelengths studied and this rate is too fast to be consistent with a mechanism involving a 
radiationless transition to the ground electronic state followed by energy randomization and dissociation. 
Alternative predissociation mechanisms are considered. 
I. INTRODUCTION 
Recently, there has been conSiderable interest in 
state-to-state unimolecular reactions of polyatomic 
molecules. In an ideal experiment, one would like to 
excite a molecule to a single level above the dissocia-
tion threshold, and then monitor its dissociation in real 
time and determine nascent quantum state distribu-
tions among the reaction products. Real time measure-
ments of unimolecular reaction rates may serve to test 
theories of unimolecular decay (e. g., RRKM) , whereas 
nascent state distributions among reaction products 
should prove enlightening with respect to the dynamics 
of the photodissociation event. Unimolecular reactions 
of small molecules often proceed very rapidly, and can-
not be observed using conventional techniques with tem-
poral resolution> 1 ns. Thus, excitation of medium or 
large molecules to near threshold energies is desired. 
Exciting overtone vibrations of molecules can provide 
direct access to vibrational levels of the ground elec-
tronic state that are above the dissociation threshold. 1,2 
However, due to the very small cross section for high over-
tone absorption, Signals are very small, and the technique 
is most suited to molecules with high frequency vibrations 
and low dissociation energies. A way to circumvent the low 
absorption cross sections is to excite an electronic state 
of the molecule, which predissociates following fast in-
ternal conversion and/or isomerization to the ground 
electronic state manifold. S-5 Alkyl nitroso compounds 
(R-NO) seem to be good candidates for such studies. 
They exhibit absorption features in the 500-750 nm 
wavelength region that are assigned to an n-7T* transi-
tion, 5,8 whose origin lies close to the threshold for 
dissociation to ground state R + NO. They also undergo 
efficient dissociation upon excitation at these wave-
lengths. 5 
The predissociation of CFsNO has recently been stud-
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ied in some detail. 7.8 Fluorescence lifetime measure-
ments of laser excited CFsNO have shown that the ob-
served lifetimes following n-7T* excitation are much 
shorter than those anticipated from the. integrated ab-
sorption coeffiCient, .and indicate the existence of a fast 
radiationless process which competes with radiative 
decay. 8 In their study of CF3NO dissociation dynamics, 
Roellig et al. found that the appearance time of NO is 
similar to the fluorescence lifetime of laser excited 
CFsNO, and concluded that the unimolecular reaction 
rate of the excited CFsNO is controlled by the rate of 
the radiationless process followed by very rapid dis-
sociation. 7 (b) They suggested that the diSSOciation in-
volves the ground state (So), and/or the lowest triplet 
state (T 1) as intermediates. Spears and Hoffland used 
fluorescence lifetime measurements and colliSional 
quenching studies to support a model involving internal 
conversion (IC) of the excited state (Sl) to So followed 
by rapid dissociation to CFs+NO. 8(b) Since the measured 
IC rates are apparently slower than the unimolecular 
reaction rates, it is impossible to estimate the dissocia-
tion rate of CFsNO from So of T1• Very recently, the 
dissociation of NCNO to CN and NO was studied following 
n-'lT* excitation at 532 nm. 9 Again, dissociation following 
fast IC to So was proposed, but no rates could be meas-
ured. 
Our aim in this study was to find an alkyl nitroso 
compound which is structurally and spectroscopically 
similar to CFsNO, but which has a large number of 
vibrational degrees of freedom. We antiCipated that 
the unimolecular dissociation rate would then be slower 
than the radiationless transition rate, and thus directly 
measurable from the appearance of NO. (CHs)sCNO 
(2-methyl-2-nitroso propane, hereafter referred to as 
t-BuNO) was chosen since its absorption spectrum in the 
530-740 nm region is very similar to that of CF3NO, 
and is assigned to the n-7T* transition,5 and its dissocia-
tion energy is comparable to that of CF3NO. 10 However, 
it has 39 vibrational degrees of freeom as compared 
with 12 for CF3NO. The thermal unimolecular reaction 
of t-BuNO was studied by Choo et al. 10 who reported a 
frequency factor A .. = 1015•e*0.5 S-l, an activation energy 
Ea .. = 36:!: 1 kcal mor1 (where the 00 sign stands for high 
pressure parameters), and a C-NO bond dissociation 
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FIG. 1. Energy dependence of k'(E) (energy E in excess of the 
threshold energy) calculated from Eq. (1) using experimental 
A., and EO., of Ref. 10, and the t-BuNO vibrational frequencies: 
2990(6), 2890(3), 1585(2), 1570, 1485(4), 1370(3), 1250, 1220(2), 
1030(2), 940(3), 810, 760, 650, 450, 441, 400(2), 300(2), 
280(2), 220 • • -A.,=4x1015 S-I; Eo =36 kcalmol-I (average val-
ues from Ref. 10); O-A .. = 1. 0 x 1016' S-I; Eo., = 35 kcal mol-I [up-
per limit for k'(E) from data of Ref. 10). The densities of 
states, N(E) , were calculated using the Wbitten-Rabinovitch 
approximation. N(E - EO.,) was calculated using direct counting 
of vibrational states with frequency grouping (see Sec. IV for 
details). The irregular behavior of k'(E) vs E near threshold 
is a result of using the direct counting routine. The two ver-
tical lines at the upper left side indicate the upper limit of the 
measured appearance rate of NO, and our estimate of the ex-
cess energies achieved by excitation of 710 nm (see the text). 
energy of 39. 5 ± 1. 5 kcal mol-t. 
According to Forst, 11.t2 the unimolecular reaction rate 
at energy E, k' (E), can be deconvoluted from the ther-·. 
mal average using the ~uation 
k'(E) A..N(E -Eo.,) 
N(E) 
(1 ) 
where k'(E) =/.,k(E) is the dis.sociation rate including 
centrifugal effects and is averaged over the angular 
momenta of the reactants (t .. is the high pressure cen-
trifugal correction factor ll •12 ). N(E) is the density of 
states of the molecule at energy E, and N(E - E ... ) is 
its density of states at an excess energy E - Ea_ above 
dissociation threshold. The results of such a decon-
volution using the thermal data for t-BuNO are shown 
in Fig. 1. They demonstrate that at excess energies of 
3 to 10 kcal mol-1 (achieved via laser excitation in the region 
600-710 nm of room temperature t-BuNO) lifetimes of 
3300 to 70 ns, respectively, are to be expected (see 
Sec. IV). Such lifetimes should be easily measured us-
ing our experimental arrangement. Our results show 
however, that NO appearance times at these excess en-
ergies are shorter than 10 ns, and therefore they cannot 
be explained by a statistical unimolecular reaction on the 
ground electronic state potential surface. 
II. EXPERIMENTAL 
The experimental apparatus was similar to that used 
by Roellig et al, 1(b) and will therefore be described only 
briefly. The fluorescence chamber was made of Al and 
fitted with quartz windows. The photolyzing laser was 
a Nd: YAG laser pumped dye laser (Quanta Ray), and 
wavelengths in the range of 570-750 nm were achieved 
using the dyes rhodamine 590 and 640, and LDS 698 and 
750. Typical pulse energies were 5-20 mJ at 6 ns 
FWHM. The laser output was brought to a focus at the 
center of the chamber using 15-100 cm focal length 
(f. 1. ) lenses. NO was monitored using the two photon 
laser excited fluorescence (TPEF) technique.' The 
counter-propagating probe laser beam was generated 
by a N2 laser pumped dye laser (Molectron DL-II) using 
coumarin 460 dye, and brought to a focus at the center 
of the chamber with a 15 cm f.1. lens. Timing between 
the lasers was controlled as follows: The Nd: YAG laser 
flashlamps and Q-switch were triggered externally, and 
the delay between them was optimized for maximum out-
put. The delay between the Q-switch triggering pulse 
of the Nd: YAG laser and the N2 laser triggering pulse 
was determined by a delay generator with 10 ns resolu-
tion (BNC 7055), thus accurately controlling the delay 
between the photolysis and probe laser pulses (jitter 
± 5 ns). TPEF was observed perpendicularly to the 
laser beams' direction using a solar blind photomultiplier 
(PMT, Hamamatsu HU166), and scattered light was 
eliminated by the use of one or two Corning 7 -54 glass 
filters. Laser excited fluorescence of t-BuNO following 
n-1T* excitation was detected with a cooled PMT (RCA 
31034). Scattered laser light was eliminated by using 
long baffle arms at the entrance and exit of the laser 
beam, and cutoff filters (Corning 7 -59 or 5-57) in front 
of the PMT. The output from the PMT was processed 
either with a bOiKcar integrator (PAR 162/165), or a dig-
ital oscilloscope (Nicolet, Explorer III) interfaced to a 
small laboratory computer (HP 9835A). 
t-BuNO was obtained as a stable dimer (Aldrich). The 
monomer was generated by mild heating at 80°C, and 
stored in the dark. Fresh samples were prepared im-
mediately prior to an experiment. 
III. RESULTS 
A. Laser fluorescence excitation of t-BuNO 
A portion of the low resolution, room temperature. ab-
sorption spectrum of t-BuNO is shown in Fig. 2, along 
with the laser fluorescence excitation spectrum. The 
overall features revealed are similar to those observed 
in CF3NO 5.6.8 but the quantum yield of the fluorescence 
is apparently much lower: At laser wavelengths> 695 
nm, where the excitation spectrum closely resembles 
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FIG. 2. Absorption and fluorescence excitation spectra of t-
BuNO at low resolution (1 nm). The absorption spectrum was 
obtained with 60 Torr of t-BuNO. The fluorescence excitation 
spectrum was obtained with 0.5 Torr of t-BuNO, and is nor-
malized to the laser intensity and to the absorption spectrum 
at 697. 5 nm. NO relative yields, normalized to the absorption 
spectrum at 670 nm, are also indicated in the upper panel. 
They were obtained at 200 mTorr pressure and a delay of 30 
ns. In the lower panel, two scans of a portion of the fluores-
cence excitation spectrum at a higher resolution (1 cm· l ) are 
shown. The spectrum is not corrected for changes in the laser 
energy which is also shown. 
the absorption spectrum, the fluorescence intensity per 
absorbed photon is about 0.02 that of CF3NO. In addi-
tion, at wavelengths < 695 nm there is a dramatic de-
crease in fluorescence intenSity. As can be seen from 
the lower panel of Fig. 2, which shows high resolution 
spectra taken in the region 670-695 nm, the same qual-
itative results were obtained with a Corning 5-57 filter 
(720 nm cutoff) and a Corning 7 -59 filter (695 nm cut-
off). It is thus unlikely that the sharp intensity decrease 
is due to a spectral shift in emission spectrum upon vari-
ation of the excitation wavelength. We have not been able 
to measure accurately the fluorescence lifetimes, which, 
even with 730 nm excitation, are ~ 20 ns, because of the 
limited response time of our detection system and the 
low signal intensities. 
As in the work on CFsNO, 8( b) we have attempted to 
induce collisional relaxation of vibrational levels of the 
excited Sl state of t-BuNO to its ground vibrational 
level, so that the absorption and emission spectra would 
become similar. However, the addition of 200 Torr 
of SF6 to the t-BuNO sample caused attenuation of the 
signal amplitude at all wavelengths, to the point where 
it was impossible to carry out the measurements. 
B. NO production 
Production of NO, as indicated by the appearance of 
a TPEF signal, was readily observed over the wavelength 
range 570-710 nm. A representative TPEF spectrum 
is shown in Fig. 3. The spectrum looks very similar 
to the room temperature spectrum of pure NO obtained 
at the same resolution, lS.14 and based on analysis of the 
well resolved 012 lines,15 a temperature of 300 K is ob-
tained. Since the spectrum was obtained at 2 Torr pres-
sure and 100 ns delay between the photolysis and the 
probe lasers, it is rotationally relaxed, and therefore 
should be 300 K. A spectrum taken at 100 mTorr and 
20 ns delay was very similar in the 452-453 nm region, 
but owing to the low intensity of the 012 lines, an exact 
value for the rotational temperature could not be obtained 
at low pressure. However, the spectrum looks much 
cooler than the 900 K spectrum reported for NO from 
CFsNO.1(b) Low rotational excitation of NO was also 
obtained in the dissociation of t-BuNO following 532 nm 
excitation. 16 
At a fixed photolysis laser energy, the relative yield 
of NO (determined from the intensity of the P u + 021 
bandhead) was found to vary in accordance with the 
t-BuNO absorption contours. This can be seen in Fig. 
2, where the NO yields are normalized to the absorp-
tion peak at 670 nm. Although the fluorescence yield 
from t-BuNO was much smaller than that from CFsNO, 
the NO yields from both precursors were similar, in-
dicating that predissociation is the major decay channel 
for t-BuNO, as it is for CFsNO. Hb) The NO appearance 
time at all excitation wavelengths measured (570-710 
nm) was very fast, and measurements were limited by 
the time resolution of our experiments (10 ns). Thus, 
the dissociation rates, even at the longest wavelength 
used, are faster than 108 S·l. Typical rise and decay 
curves are shown in Fig. 4. They were obtained by vary-
ing the delay between the photolYSiS and probe laser 
pulses, using a digital delay generator with delay incre-
ments of 10 ns. The rise times did not vary with pres-
sure in the range 50-1000 mTorr. The decay times, 
which are determined mainly by movement out of the in-
teraction zone, were strongly dependent on the pressure 
and the f. 1. of the lens used with the photolysis laser, 
since this determines the waist at the focus. As ex-
pected, decay times ranged from -1 /.LS at 100 mTorr 
with a 15 cm f.l. lens to > 10 /.LS at 1 Torr with a 100 
cm f.l. lens. 
Several checks were made to verify that the contribu-
tions to the observed rise times of two-photon excitation 
of t-BuNO, and of collisional effects, were negligible. 
The NO TPEF signal increased linearly with photolYSis 
laser energy for all focusing lenses used (Fig. 5), and 
the NO TPEF signal increased linearly with t-BuNO pres-
sure between 0.05 and 0.5 Torr. At higher pressures, 
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FIG. 3. The TPEF spectrum of NO produced by photolysis of 2.0 Torr t-BuNO at 670 run, 100 ns after excitation. The relative 
intensity of the probe laser used to obtain the TPEF spectra is also shown as a function of wavelength. 
the increase in signal was less than linear due probably 
to quenching of NO fluorescence by t-BuNO. 
IV. DISCUSSION 
The most significant result of the present study is the 
observation of t-BuNO dissociation rates, which are 
faster than those deduced from the thermal activation uni-
molecular rate measurements. 10 As this conclusion re-
lies on a quantitative comparison between the measured 
NO appearance rates, and dissociation rates derived 
from thermal data and the RRKM formalism via Eq. 
(1),11,12 a closer scrutiny of the assumptions and errors 
involved in the use of this equation is in order. A de-
tailed discussion has been given by Forst, 11,12 and there-
fore, only the features salient to our results will be sum-
marized here. 
Equation (1), while mathematically exact, is based on 
the assumption that the high pressure unimolecular rate 
coefficient k .. can be described by 
k .. =A .. exp(-Ea .. /kT) , (2) 
which is, of course, valid only over a limited tempera-
ture range. The major error sources in k .. are experi-
mental errors in A .. and E,.... The values we used were 
derived from measurements using the very low pres-
sure pyrolysis (VLPP) technique, 10 which is rather reli-
able. Nevertheless, the combined errors in E a", and 
A .. are magnified in k'(E), as can be seen in Fig. 1, 
which shows results derived from the average values 
given in Ref. 10, and also from their limiting values. 
It was also shown, 12 that the near threshold k'(E) values 
obtained from Eq. (1) are sometimes higher than those 
derived directly from an RRKM model, which 1s based 
on assuming a structure for the transition complex. 




• • ••• o 
-11- • -I 1-
20 ns 20 nl o 
~O .... 
670 nm photolysis 710 nm photolysis 
50 mTorr 200 mTorr 
2- methyl, 2-nitroso propane (MNP, t-Bu NO) 
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FIG. 4. Appearance time of NO (v" = 0) 
TPEF signal at two photolysis wavelengths. 
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FIG. 5. NO (v" = 0) TPEF signal as a function of photolysis 
laser intensity obtained following excitation at 670 nm at 30 ns 
delay. The photolysis laser output was focused using a 100 cm 
focal length lens. The pressure was 500 mTorr. 
rely on assumptions and imperfect experimental in for -
mation, it is lmpossible to determine which is more 
"correct." Forst concludes that the k'(E) of Eq. (1) 
represents all the limited information that can be ex-
tracted from thermal data. The main advantage in its 
use is that no structure for the transiUon state need be 
assumed, and therefore, there are no parameters to 
adjust. 
We have checked other possible sources of error in 
the calculation of k' (E) using Eq. (1). The vibrational 
frequencies of t-BuNO, which are not known exactly, 
were deduced from m spectrat1•t8 and compared with 
those of t-butyl halidest9 and the t-butyl radical. 20 
Varying the values of the low bending vibrations of t-
BuNO within reasonable limits did not change k'(E) sig-
nificantly. Likewise, using the Whitten-Rabinovitch 
approximation, 11.21.22 or a direct count of vibrational 
states with the grouped frequency model2t•22 gave 
comparable densities of states. Ignoring the mild 
temperature dependence of the centrifugal factor f .. ll is 
also of minor importance. 
Thus, we conclude that the major sources of uncertain-
ty in k'(E) derive from A .. and E""" and therefore, the 
range of values shown in Fig. 1 depicts the anticipated 
rate coefficients based on the thermal data. 10 The rates 
k'(E) could be reproduced very nicely over the excess 
energy range shown in Fig. 1 using the RRKM model, 22 
with a transition state in which four low bending vibra-
tions were reduced by factors of 2 -5 from their original 
values. This is very reasonable for a simple bond fis-
sion reaction. 11.2t 
The largest uncertainty in the comparison of our re-
sults with the thermal rate data derives from the un-
certainty in the calculation of the excess energy E! which 
is given by 
(3) 
where Ehv is the energy of the exciting photon, < ED) is 
the average vibrational energy content of t-BuNO at room 
temperature (2.5 ± O. 5 kcalmor1), and Edf •• is the bond 
dissociation energy of t-BuNO- t-BuNO + NO. 
Two different values of Edt •• have been reported to 
date. The value derived from the. thermal rate data is 
39. 5 ± 1. 5 kcal mort, to while the value determined mass 
spectrometrically is 34 ± 3 kcal mol-to 23 A simllar dis-
crepancy existed for CFsNO, where the kinetically de-
rived value of 42 ± 2 kcal mol-t 24 is high compared to 
the mass spectrometric value of 31 ± 3 kcal mol-to 25 The 
observation of NO(v = 3) in Ref. 7 (b) was cited as proof 
that the bond energy in CFsNO was <33 kcalmol-1• How-
ever, more recent results indicate that the higher vibra-
tional levels of NO were produced by a two photon ab-
sorption process, and analysis of the rotational temper-
atures of NO obtained following excitation of CFsNO in 
a supersonic beam shows good agreement with the higher 
value. 26 In the case of t-BuNO, the mass spectrometric 
value was based on the difference between the appearance 
potential (AP) of the t-butyl radical from t-BuNO and its 
ionization potential (I. P. ).23 The value assumed for the 
I. P. of the radical was 7.43 eV, whereas more recent 
measurements give a value of 6.95 ± 0.05 eV. 21- 29 Using 
this latter value and an AP of the t-butyl radical from 
t-BuNO of 8. 9±O.1 eV,23 the resultant value for the bond 
dissociation energy becomes 46 ± 3 kcal mol-1• This is 
an unrealistic value, since we observe rapid dissociation 
following 710 nm photolysis of [-BuNO, where the avail-
able energy Eh.,+ < Ell) is only 42.7 ± O. 5 kcal mol-to 
Thus, we prefer the value given in Ref. 10. This value 
leads to F! = 3.2 ± 2 kcal mol-t for 710 nm photolYSiS 
which, according to Fig. 1, corresponds to an upper 
limit on the dissociation rate of 6 x 106 s-I, and to a 
most likely value of 1. 5 x 106 s-t. Only at E"'> 12 kcal 
mol-t could the dissociation rate exceed 108 s-1. 
We also pOint out a very recent study of the dissocia-
tion of t-butylhydroperoxide (t-BuOOH) following direct 
excitation of overtone vibrations of its ground state. 2 
The thermal dissociation rate parameters of t-BuOOH 
are quite similar to those of t-BuNO (A .. = 10t5•6 s-l, E"", 
== 43 kcal mol-t ), 30 and so are the structures of the mole-
cules, and the numbers of degrees of freedom. In the 
overtone excitation experiment, a dissociation rate of 
4 x 106 s-t was observed at an excess energy of -12 kcal 
mol-to 
We thus conclude that the appearance time of NO from 
t-BuNO following 710 nm excitation cannot be explained 
by statistical theories of unimolecular decay from the 
ground electronic state. 
Several dissociation mechanisms could account for the 
fast appearance times of NO: 
(a) Direct excitation to a repulsive state, (b) vibration-
al predissociation from the excited S1 state, (c) disso-
ciation following fast IC to So, without randomization of 
vibrational energy in So, (d) dissociation following inter-
system crossing between S1 and the lowest triplet state 
Th and (e) dissociation following crossing from 8t to a 
repulsive surface. 
In discussing the various possible mechanisms, we 
take advantage of the fact that the lowest electronic 
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states of alkyl nitroso compounds are rather similar, 
since they all derive from a similar transition of a non-
bonding electron centered on N to an antibonding 1T* or-
bital. 5 Thus, we can safely assume, based on calcula-
tions carried out for the prototypical HNO molecule,31-35 
that the electronic states which lead to ground state 
dissociation products are, in ascending order, SlA '), 
T1(3A"), SI(IA ,,), 3A' and lA', the latter two being re-
pulsive states. However, the locations of the minima, 
and the locations and heights of possible barriers in t-
BuNO cannot be inferred from HNO calculations, since 
the details of the molecular orbital interactions in HNO 
and t-BuNO are different. 
Although we cannot determine the predissociation 
mechanism(s) from our data, several routes can be ex-
cluded. Direct excitation to a repulsive state [mecha-
nism (a)] is ruled out by the observation of fluorescence 
from the SI state, and by the fact that the NO(v = 0) yield 
follows closely the n-1T* absorption contours in the region 
570-7l0 nm. 
Mechanism (b) is also very unlikely. The observation 
of fluorescence at wavelengths above dissociation thresh-
old implies a barrier to dissociation from the SI state, 
whereas we observe efficient NO production at wave-
lengths where fluorescence is observed, and thus exci-
tation to levels below the barrier must have occurred. 
Had there been no barrier, our RRKM calculations show 
that the dissociation rate would be too fast to allow ob-
servation of a competing fluorescence channel. Tunnel-
ing through a barrier is insignificant for heavy molecu-
lar fragments such as t-Bu and NO. 
Mechanism (c) involves dissociation from the ground 
state without prior randomization of energy. Based on 
their calculations of CFsNO optical excitation, Spears 
and HofflandB(b) indicate that the ground state vibration-
al energy distribution in CFsNO immediately following 
a radiationless transition from SI should be dominated 
by NO stretching motions. If such NO stretching mo-
tions are subsequently coupled directly to the C-NO 
bond, they may cause dissociation without complete en-
ergy randomization in the CF3 radical. S6 We do not 
have any experimental evidence either to support or 
refute such a mechanism in t-BuNO. 
Both mechanisms (d) and (e) are compatible with our 
experimental observations. The lowest triplet state of 
t-BuNO, Tl is apparently lower in energy than SI, and 
our RRKM calculations indicate (assuming that the struc-
ture of the T 1 and So transition states are similar) that 
a triplet state lying at ~ 10 kcal mol-1 above So would lead 
to a dissociation rate of > lOB S-1 following 710 nm exci-
tation. A crossing between SI and a repulsive state can-
not be precluded either. Such a crossing is not indicated 
in ab initio calculations of HNO. How~ver, these calcu-
lationsS2- S5 do not always agree with each other, and, 
moreover, HNO potential surfaces are not expected to 
show quantitative resemblances to those of t-BuNO. We 
also point out that more than one mechanism may be 
responsible for the NO appearance, and that the contri-
butions of the different mechanisms may change as a 
function of the photolysis wavelength. 
Finally, we would like to comment on the dramatic 
decrease in the fluorescence yield following excitation 
at .\<695 nm (Fig. 2). By comparing with CFsNO, 
whose fluorescence quantum yield near the origin is 
less than 1%, we find a quantum yield of -10-4 for t-
BUNO, even at the longest excitation wavelengths. Using 
10 J.1.S as an estimate for the radiative lifetime, B the 
radiationless transition rate is -109 s-l, and hence the 
fraction of molecules that fluoresce and do not disso-
ciate is very small indeed. Further increase in the ra-
diationless transition rate with decreasing wavelength 
would cause a decrease in the fluorescence quantum 
yield, without significantly affecting the NO yield. At 
short wavelengths « 695 nm) higher vibrational levels 
in SI are excited, which may have faster radiationless 
transition rates than the lower vibrational levels excited 
at longer wavelengths. In addition, at room tempera-
ture, absorption occurs from a range of vibrational lev-
els in So, and hence the fraction of absorbing molecules 
that reach high vibrational levels in SI increases with the 
decrease in wavelength, contributing to the sharp de ... 
crease in fluorescence yield. 
An alternative explanation, the onset of an additional 
direct dissociation from the SI surface following excita-
tion to levels above the barrier, could lead (based on 
RRKM calculations) to a much faster and abrupt de-
crease in the fluorescence yield than is observed. How-
ever, since at room temperature absorption occurs from 
a range of vibrational levels in So, the fraction of ab-
sorbing molecules that reach vibrational levels in SI 
which are above the barrier varies with wavelength, and 
as a result the decrease in fluorescence yield can be 
spread over a significant wavelength range. Therefore, 
this mechanism cannot be ruled out. Experiments with 
supersonic nozzle expansions, where most of the mole-
cules are at low vibrational levels, will help distinguish 
between the two mechanisms. 
V. CONCLUSIONS 
In this study we show that the lifetime of t-BuNO ex-
cited to the SI(IA") state is controlled by fast, radia-
tionless processes which lead to efficient dissociation 
to t-Bu + NO. The appearance time of NO is not com-
patible with a dissociation mechanism whereby the ex-
cited t-BuNO undergoes fast IC to the ground electronic 
state So followed by complete energy randomization and 
dissociation. Predissociation via crossing to a repul.:-
sive state, and/or intersystem crossing to the lowest 
triplet state are possible alternatives. 
In the present experiments, measurements of NO ap-
pearance times near the origin of the n-1T* transition, 
and of energy disposal in NO as a function of the excita-
tion level were hindered because of the thermal internal 
energy content of t-BuNO, and the resultant lack of 
structure in the absorption spectra. As in the case of 
CFsNO, the spectra in a supersonic beam should be 
greatly simplified, and state-selective photolysis stud-
ies, especially near threshold, should become pos-
sible. B(c) ,37 We are currently introducing a pulsed mo-
lecular valve into our experimental arrangement for such 
studies. 
In addition, comparisons with dissociation rates fol-
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lowing IR multiple photon excitation of t-BuNO should be 
very illuminating since, in this case, dissociation pro-
ceeds from the ground state manifold. Weak IR absorp-
tion features around 940 and 1030 cm-1 may be used to 
induce the dissociation. 18 
ACKNOWLEDGMENTS 
We wish to acknowledge very fruitful discussions with 
J. Pfab, P. Houston, and K. Spears. One of us 
(F. B. T. P. ) acknowledges a fellowship from the Ful-
bright Foundation. 
lB. D. Cannon and F. F. Crim (a) J. Chern. Phys. 73, 3013 
(1980); (b) 75, 1752 (1981). 
2T. R. Rizzo and F. F. Crim, J. Chern. Phys. 76, 2754 
(1982). 
~. Hippler, V. Schubert, J. Troe, and H. J. Wendelkern, 
Chern. Phys. Lett. 84, 253 (1981). 
4R. J. Buss, D. J. Krajnovich, and Y. T. Lee (to be pub-
lished). 
5J. G. Calvert and J. N. Pitts, Jr., Photochemistry (Wiley, 
New York, 1967). 
8J. Mason, J. Chern. Soc. 1957, 3904. 
7(a) M. Asscher, Y. Haas, M. P. Roellig, and P. L. Houston, 
J. Chern. Phys. 72, 768 (1980); (b) M. P. Roellig, P. L. 
Houston, M. Asscher, and Y. Haas, ibid. 73, 5081 (1980); 
(c) R. W. Jones, R. D. Bower, and P. L. Houston, ibid. 
76, 3339 (1982). 
8K. G._ Spears and L. Hoffland (a) J. Chern. Phys. 66, 1755 
(1977); (b) 74, 4765 (1982). 
9J. Pfab, J. Hager, and W. Krieger (to be published). 
tOJ(. Y. Choo, G. D. Mendenhall, D. M. Golden, and S. W. 
Benson, Int. J. Chern. Kinet. 6, 813 (1974). 
IIW. Forst, Theory of Unimolecular Reactions (Academic, 
New York, 1973), 
12W. Forst, J. Phys. Chern. 76, 342 (1972). 
13R. G. Bray, R. M. Hochstrasser, and J. E. Wessel, Chern. 
Phys. Lett. 27, 167 (1974). 
14K• P. Gross and R. L. McKenzie, J. Chern. Phys. 76, 5260 
(1982). 
15J. B. Halpern, H. Zacharias, and R. Wallenstein, J. Mol. 
Spectrosc. 79, 1 (1980). 
t8J. Pfab (private communication). 
I1J. R. Dickson and B. G. Gowenlock, Ann. Chern. 745, 152 
(1971). 
llIJi. Reisler, F. B. T. Pessine, Y. Haas, and C. Wittig 
(unpublished results). 
19(a) W. Huttner and W. Zeil, Spectrochim. Acta 22, 1007 
(1966); (b) D. E. Mann, N. Acquista, and D. R. Lide, Jr., 
J. Mol. Spectrosc. 2, 575 (1958); (c) N. Sheppard, Trans. 
Faraday Soc. 46, 527 (1950). 
20J. Pacansky and J. S. Chang, J. Chern. Phys. 74, 5539 
(1981). 
21p. J. Robinson and K. A. Holbrook, Unimolecular Reactions 
(Wiley, New York, 1972). 
22The computer programs were adapted from W. L. Hase and 
D. L. Bunker, Program 234, Quantum Chemistry Program 
Exchange, Chemistry Department, Indiana University, 
Bloomington, Indiana. 
23p. J. Carmichael, B. G. Gowenlock, and C. A. F. Johnson, 
Int. J. Chem. Kinet. 4, 339 (1972). 
24K. Glanzer, M. Maier, and J. Troe, Chern. Phys. Lett. 61, 
175 (1979). 
25p. J. Carmichael, B. G. Gowenlock, and C. A. F. Johnson, 
J. Chern. Soc. Perkin Trans. IT 1973, 1853. 
26p. Houston (private communication). 
27T. Koenig, T. Balle, and W. Snell, J. Am. Chern. Soc. 97, 
662 (1975). 
28J. Dyke, N. Jonathan, E. Lee, A. Morris, and M. Winter, 
Phys. Scr. 16, 197 (1977). 
29F. A. Houle and J. L. Beauchamp, J. Am. Chern. Soc. 101, 
4067 (1979). 
30S. W. Benson and H. E. O'Neal, Natl. Stand. Ref. Data Ser. 
NaU. Bur. Stand. 21, (1970). 
3tR. N. Dixon, K. B. Jones, M. Noble, and S. Carter, Mol. 
Phys. 42, 455 (1981). 
32p. A. Freedman, Chern. Phys. Lett. 44, 605 (1976). 
33A. A. Wu, S. D. Peyerimhoff, and R. J. Buenker, Chern. 
Phys. Lett. 35, 316 (1976). 
34A. W. Salloto and L. Burnelle, Chern. Phys. Lett. 3, 80 
(1969). 
350. Nomura and S. Iwath, Chern. Phys. Lett. 66, 523 (1979). 
36We are indebted to K. Spears for an illuminating discussion 
of this point. 
37B. M. DeKoven, K. H. Fung, D. H. Levy, L. D. Hoffland, 
and K. G. Spears, J. Chern. Phys. 74, 4755 (1981). 
J. Chern. Phys., Vol. 78, Part II, No.6, 15 March 1983 
 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:
143.106.108.144 On: Thu, 25 Jun 2015 18:52:54
